Lipid impregnated Millipore filter membranes, which model certain permeability characteristics of lipid bilayer, were used to examine the effect of ozone on membrane conductance. It was found that the conductance across a lipid impregnated filter membrane increased proqressively upon exposure to a stream of oxygen delivering up to 5 ppm olone to the aqueous compartment. The extent of this conductance increase depended on duration of ozone tref1tment (tenfold after 30 minutes), ozone concentration (linear dependence to at least 5 ppm), the bathing solution pH (the lower the pH is, the higher the conductance), lipid composition (unsaturation required), temperature, and the existence of a membrane barrier between ozone and the assay membrane (no penetration of ozone through a membrane). It was also found that the presence of a-tocopherol, or cholesterol as part of the lipid of the filter membrane diminished the conductance increases. Virtually complete protection occurred at about a 1% mole ratio of a-tocopherol/lecithin. Since saturated lipid impreqnated filter membranes are relatively unaffected by ozone, it is concluded that reaction products of unsaturated lipids with ozone are responsible for the observed conductance increases.
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I NTRODUCTI ON
Ozone damage to cell membranes as a primary event in ozone toxicity is an attractive hypothesis. 2 Biochemical mechanisms of ozone injury have been discussed in a recent review. 7 Evidence for the involvement of membrane damage in ozone effects comes from permeability studies, showing increased solute fluxes for glucose 3 and rUbidium 4 in higher plant leaf discs and K+ leakage in algae. 5 Inhalation of 2 ppm ozone for 8 hr by rats and monkeys has been shown to impair oxidative metabolism of lung mitochondria and to induce increased permeability of mitochondrial membranes to NADH.14 Dl-a-tocopherol is known to protect lipids against oxidative chain reactionsin __ vitro,18 but its role in_~ivo is not resolved. 6 ,9,1l,19
Both structural and antioxidant functions in biological membranes have been proposed for this vitamin. 8
In this study the effect of ozone on the impermeability characteristics of biological membranes was investigated by assaying the conductance of model membranes composed of various lipids incorporated into ~~illipore filters. The effect of the dl-a-tocopherol incorporation into the lipids was also studied.
METHODS
Egg yolk lecithin, dimyristoyl lecithin, dipalmitoyl lecithin, phosphatidylethanol~ine (Bovine Brain) and cholesterol were purchased from Sigma Chemical Co. Dl-a-tocopherol was a gift from Hoffman La Roche, Inc. Oxidized cholesterol was prepared by bubbling oxygen through a solution of cholesterol in octane for 6 hours. 3
The electrical assay of lipid impregnated Millipore filter membrane was previously described;15,17 a 0. Ozone was generated by passing oxygen through an enclosed UV light source and was bubbled into the aqueous medium of the inner compartment. 4 The flow rate of the incoming oxygen was adjusted by a flowmeter. The ozone influx into 10 ml of the aqueous medium (nmoles/min) was measured by the potassium iodide method 13 in a solJtion exposed to ozone/oxygen bubbling for 5 minutes. All experiments reported
here were conducted at a flow rate corresponding to the appearance * of 47 nmoles of iodine/min in the buffer. * If it is assumed that all the ozone is absorbed in the aqueous solution, then the ozone concentration in the oxygen stream is calculated as 4.2 ppm. Since it is possible that ozone absorption "is incomplete 4.2 ppm should be regarded as a "lower limit. Such decane depleted membranes exhibit high conductances similar to lipid free filter membranes. Both A4NS and A12NS were significantly more immobilized in these millipore filters than in sonicated aqueous asolectin vesicles.
Nitrogen-dried asolectin impregnated filter membranes were hydrated by storing them at 25 0 C in a 90% humidity chamber for six hours.
This treatment led to a slight increase in the mobility of both probes such that soectra were very similar to those observed for thes~ labels in sonicated asolectin vesicles.
In none of the ESR experiments were any effects of vitamin E observed. Hence structural effects of Vitamin E in these filter-supported lipids are too small to lead to alterations in the spin probe mobility or orientation.
For none of the samples examined in the study was there any evidence of any anisotropic character of the signal as the filter membranes were rotated in the magnetic field. This implies that the bulk of the lipid is randomly oriented in the filter membranes.
Ozone causes conductance increases
The effect of ozone concentration and exposure time upon membrane conductance changes--as recorded in Fig. 1 , an increase in membrane conductance was observed for egg yolk lecithin impregnated filter membranes exposed to ozone. Conductance increased for 30 minutes of exposure prior to attainment of a steady state conductance (190 x 10-9 mho x cm-2 ). Such increases in membrane conductance during ozone exposure varied with the lipid composition of the filter.
After the ozone treatment was stopped the conductance decreased, reaching a steady state after about 10 minutes. This steady state membrane conductance was ozone concentration dependent. Table I shows changes in steady state membrane conductance with different lipids in the membrane. In general, both the initial conductances, as well as the ozone induced conductance increases are greatest for lipid mixtures containing a high proportion of unsaturated fatty acid residues. Table I shows for cholesterol
membranes that preoxidation leads to a much larger conductance increase than is observed for the unoxidized cholesterol. Cholesterol addition to egg lecithin has two effects: a decrease in the control conductance and a decrease in the effect of ozone. This observation suggests that ozone may be less accessibl~ to the cholestrol containing membrane.
10 mg/ml egg yol~< lecithin, phosphatidyl ethanolamine or cholesterol were treated with 47 n moles ozone/min for more than 50 minutes.
Then the value of steady state membrane conductance was measured 10 minutes after ozone removal. In both control and ozone treated systems, a linear decrease in membrane conductance occurred with reciprocal temperature, and the magnitude of the membrane conductance for a membrane treated with ozone was several fold higher than that in the absence of ozone at each temperature studied.
DH--The conductance of untreated membranes decreased as the bathing solution pH increased. The ozone induced conductance increase also decreased with increasing pH (Figure 3 ). The observation that ozone induced conductance changes, expressed as differences re'lative to the controls, diminish with increasing pH is consistent with the report that ozone breakdown in water depends on the hydroxyl ion concentration. 1
However, since the conductance of control membranes exhi~its a similar pH dependence these data, when expressed as ratios of ozone dependent to control conductances, exhibit a nonlinear dependence on pH.
To gain insight into the extent of ozone penetration through, and the possible release of reaction products from the membrane, the effect of ozone exposure on a double membrane was studied. Two closely apposed egg yolk lecithin impregnated filter membranes (i.e., separated by less than 1 mm) were placed across an 0.5 cm 2 orifice separating tvJO aqueous compartments. Ozone was bubbled into the aqueous medi um of the inner compartment for 40 minutes. The steady state membrane conductance of a single membrane was measured 10 minutes after the end of ozone treatment and after the membrane proximal to the exposure solution had been removed. The conductance of this membrane was measured to be 13 x 10-9 mho/cm 2 . This is similar to the conductance of 10 x 10-9 mho/cm 2 observed for an untreated membrane. On the other hand, a single membrane which had been treated with ozone under the same conditions reached a conductance of 147 x 10-9 mho/cm2. Various amounts of d"l-a-tocopherol and lecithin were mixed together in decane solvent and then filters were immersed in the membrane forming solution for 15 hours at 240C. Ten minutes after the lipid and dl-a-tocopherol impregnated filter was inserted into the aqueous medium ozone was bubbled into the inner compartment. Figure 1 shows that in the control system (dl-a-tocopherol absent), membrane conductance was greatly increased within 10 minutes of ozone treatment, began to level off after one hour ozone treatment, and then dropped to a steady state value (140 mho x cm-2 x 10-9 ) 10 minutes after ozone
removal. An increase in the molar ratio of dl-a-tocopherol to egg yolk lecithin led to a slower rate of conductance change during ozone In principle conductance changes observed after ozone treatment could be due to an increase in the permeability of the filter membrane due to structural alteration or to the release of factors from the membrane which increase conductance. The experiment with the double membrane shows that the increase in conductance is specific to the membrane which has been treated with ozone, and hence there is little or no release of permeability enhan~ing factors from the untreated side of the membrane into the environment.
The observation that the conductivity increases again after rinsing the membrane with fresh medium impli·es that some water soluble permeability enhancing factors are produced during ozone treatment. These may be small organic molecules, e.g., aldehydes or carboxylic acids which result from the breakdown of unsaturated lipids by ozone and which are released into the aqueous phase being treated with ozone. However,
experiments with the double membrane suggest that these compounds do not cross the filter membrane to a significant extent. The experiment also shows that ozone does not cross a single filter membrane to a significant extent.
The observation that the membrane conductance decreases again after ozone treatment ceases (Figure 1 ) implies that some of the reactions of ozone and lipids continue over a period of several minutes and that unstable intermediates of ozone reaction with lipids are responsible for a substantial fraction of the increased conductance. Repeated washing of the membrane with buffer restored the control conductance of the membrane that had been protected with vitamin E but only partially restored the conductance of the unprotected membrane. ---------------------_¥_-_ . . . . . . ---------------------------------------------- Bathing solution pH
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